Amendments to Specification 



On page 1, please amend paragraphs 2, 3 and 4 to read as follows: 

A humidity exchanger element dehumidifies gas by sorption mechanism a 

r e action b e tw ee n a bas e and silicate a o rog o l of the desiccants such as aluminum 

oxide-silicate or titanium silicate / titanium-aluminum silicate. 

According to US Pat. No. 5, 505, 769, the elements can be included in a 

sheet composed of inorganic fiber, or can be included in a device formed by the 

sheet. 

However, the conventional humidity exchanger element needs- necessitates 
regeneration at excessively elevated increas e d reg e n e ration — temperatures 
(approximately 90-1 50°C). In addition, the element has demerits that a A sorption 
capacity thereof of th e e lement is limited and that it causes a large amount of 
pressure loss of supply air for being dehumidified, has high pr e ssure loss, and 
moistur e of cont e nt of s upply air for b e ing d e humidifi e d is limited . Also, a 
sorption capacity of the humidity exchanger element is decreased over time, that is, 
the element is greatly influenced by aging. 

On page 2, please amend paragraphs 1, 2 and 3 to read as follows: 

However, the lithium chlorid e is volatil e by air flow contact e d with the 
d e humidifying element, and as a result, the dehumidifying characteristics of tho 
e l e m e nt ar e deteriorated whil e it is us e d. 

A4se, theThe humidity exchanger element containing lithium chloride can 
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not be used in highly humid environment. This is of the ai r because the lithium 
chloride tends to liquefy after absorbing the vapermoisture in the air especially in a 
highly humid condition^ 

That is, when a solid lithium chloride is dissolv e d changed into a liquid 
lithium chloride in a tropical climat e or subtropical climat e and the cellulose, the 
carrier thereof, comes to be unable to absorb and maintain the liquid lithium 
chloride due to its a-limited- sorption capacit y of the elem e nt , then so that the 
excessive liquid lithium chloride is dripping away from the element can not b e 
us e d. Th e bas e is discharged by steam and c e llulos e does not suffici e ntly absorb 
water due to its limited capacity , so that resulting in a reduced content of the 
lithium chloride in the element the d e humidifying element becom e s wot . 

On page 2, please amend paragraphs 4 and 5 to read as follows: 

Therefore, an object of the present invention is to provide a desiccant and a 
dehumidifying element which shows high humidity absorbing capacity without the 
aging influence maintains hygroscopic characteristics r e gardless of aging : nnd high 
humidity absorbing rat e while n ee ding necessitating a small amount of energy for 
regeneration and a methods for fabricating the same. To achieve these and other 
objects and advantages and in accordance with the purpose of the present 
invention, as embodied and broadly described herein, there is provided a 
desiccant d e humidifying clement which has an improved sorption capacity 
prepared by the ionic modification i ncludes of -a super absorbing polymer (SAP) 
through contacting it with a salt solution , and a hygroscopic base . 
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There is also provided two a methods for fabricating a dehumidifying 
element . The one method for fabricating a dehumidifying element, which consists 
of a desiccant itself - comprises comprising: a step of selecting a salt solution; a 
step of drying a super absorbing polymer (SAP), a step of contacting the dried 
SAP with the salt solution; and a step of drying a hydrogel generated by the 
contact between the SAP and the salt solution. 

On page 3, please amend paragraph 1 to read as follows: 

There is alse-provided anothera method for fabricating a dehumidifying 
element which comprisesmgf a step of engaging a SAP to a carrier; a step of 
drying the carrier to which the SAP is engaged; a step of selecting a salt solution; a 
step of contacting the carrier with to which th e SAP is engaged with the selected 
the salt solution in order to perform an ionic modification of the SAP ; and a step of 
drying the carrier to which the SAP is engaged. 

On page 3, please amend paragraph 7 to read as follows: 

The desiccant dehumidifying elem e nt according to the present invention is 
prepared by the ionic modification of includes a super absorbing polymer 
(SAP). T The desiccant can absorb more than four times larger amount of the 
moisture as compared with conventional desiccants such as silica-gels and zeolites. 
so that a quantity of wat e r having a weight s e veral times that of the dohumidifying 
e l e ment can be absorb e d. When the relative humidity of th e gas is mor e than 
4050%, the desiccant can absorb the moisture approximately as much as its dry 
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mass, h ygroscop ie — characteristics — can, be — compared — wkh — a — silicate 
desiccant dehumidifving e l e m e nt . 



On page 4, please amend paragraphs 1, 2, 3, 4 and 5 to read as follows: 

Also, aA hygroscopic base -salt such as lithium chloride is used ea-in the 
ionic modification of dehumidifving e lement with the SAP. It has been discover e d 
found that the hygroscopic base- salt such as lithium chloride has an excellent 
bonding force with the SAP by substitution (it is assumed that the bonding is 
p e rform e d by substitution of Na + by Li + ). 

That is, by the bonding with the SAP, the hygroscopic bas e salt is 
prevented from b e ing mad e volatile by air flow weeping after absorbing moisture 
from the air . At the same time, the hygroscopic characteristics of the 
dehumidifving element SAP are improved enormously b y the ionic modification 
with the hygroscopic basesalt. 

Also, in cas e that th e SAP is cross linked, the SAP has an improv e d ability 
to absorb th e base. 

One of the most important findings in the present invention is that the 

improvement in the sorption capacity by the ionic modification fa fa 

combination with th e hygroscopic base such as th e SAP and th e lithium chlorid e , a 
conc e ntration of is strongly dependent upon the concentration of the hygroscopic 
basesalt fa-solution used at the time of fabrication influences an int e nsity of 
hygroscopic effect . 

That is, Wheni f solution of too high concentr ation of the salt solution is used m 
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order to allow the SAP to contact- the SAP with-fee sufficiently large amount of 
hygroscopic base salt ions , the salt solution is found not to be absorbed at all or 
completely intob v the SAP or is absorb e d incompletely . The reason for this is 
considered that the swelling of the SAP is restrained in a high concentration of the 
salt solution and thus the amount of the absorbed solution into the SAP is reduced. 
Consequently, the ionic modification is not performed to a proper extent and the 
sorption capacity is not -improved sufficiently. ItT hat is becaus e the int e nsity of 
th e hygroscopic e ffect of the hygroscopic bas e is influ e nc e d not by th e amount of 
the base but by th e conc e ntration of th e bas e in solution. . 

On the other hand, if -too low concentration of the salt solution is used, 
the absorbed amount of the salt ions -is not sufficiently large even though the 
SAP absorbs large amount of the liquid solution. As a consequence , the ionic 
modification thereof is not performed to a proper extent and the sorption capacity 
is not improved sufficiently. 

The hydrogel generated by contacting the SAP with a salt solution can be 
changed into a proper state capable of absorbing moisture via a step of drying. 
On page 5, please amend paragraph 1 to read as follows: 

According to an exp e rim e nt, th e d e humidifying e lem e nt absorbs humidity 
from gas, and is r e g e nerat e d with less e nergy than that of th e prior arts. 

On page 5, please amend paragraph 5 to read as follows: 

In case that the dehumidifying element is formed with granules, a particle 
diameter of the respective granules is selected in a range of 0J_fxm ~10,000jim; 
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grain fraction in a range of l^m ~5,000jim is more preferable, and grain fraction 
in a range of 20\xm ~l,000nm is most preferable. 

On page 7, please amend paragraphs 1, 2 and 3 to read as follows: 

Then, the hygroscopic characteristics of the element fabricated in the 
3-dimension shape can be realized by selecting the salt solution. Regardless of the 
realization form that the SAP takes a granular form or the SAP is included in the 
carrier, by drying the SAP at first, the SAP can absorb the salt solution much more. 
According to this, the SAP can be contacted to the hygroscopic basesalt. The SAP 
is provided with the hygroscopic base -salt b y contacting the salt solution with the 
SAP. The el e ment compos e d of th e carrier including tho hydrogel generated by 
contacting the granules with the salt solution or SAP is dried, thereby being 
converted into a state te -capable of absorbing humidit y moisture . 

Whenff the granules of the SAP is engaged to each other and forms -large 
agglomeration realized — as — lease — granules , it is preferable that the 
tompagglomeration of the SAP is crushed to pieces and the granules are classified 
before contacting with the salt solution. According to this, uniform characteristics 
of the element can be realized. Likewise, if the SAP is engaged to each other and 
forms large agglomeration coagulated after the step of final drying, it is also 
desirable that the the agglomeration of the modified SAP is g ranules are crushed Jo 
pieces and the granules are classified , th e r e by nowly classifying finally in any 

vuav. 

Another method for fabricating a dehumidifving element with an SAP 
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desiccaiit modified ionicallv is making contact the carrier including the SAP with a 
salt solution. 

If the carrier including the SAP is contacted to the salt solution, dried 
slowly, and the drying temperature is smoothly increased slowly , an adequate 
smooth regeneration is possible and-thus the salt solution is excellently absorbed 
by the SAP. On the contrary, ift has been observed that the salt solution is 
extracted from the surface of the carrier instead of being absorbed was not 
perfectly absorbed into the SAP w hen the regeneration temperature is increased 
fast to carri e r was to be dri e d at the highest reg e neration temperatur e level . 

On page 8, please amend paragraphs 1 and 2 to read as follows: 

The mMost important in the preparation of the desiccant is to select the 
concentration of the-a salt solution Esp e cially, the salt solution us e d to fabricat e 
th e dehumidifying e l e ment is s e lected includin g between 5-15wt%^ of hygroscopic 
bas e concentration, In-this case of using the salt solution of the concentration 
between 5-15wt% , thea sorption capacity an int e nsity o f the modified SAP can 
be optimized between the restrictions in the liquid sorption capacity and in the 
highest concentration of the salt solution, of th e SAP modified with tho 
hygroscopic base in a rang e among too high an ion concentration and limitation 
variables of sup e r absorption can b e attained at an optimum state. That is, the 
hygroscopic base- salt of a-the maximum amount can be contacted to the SAP by 
making selecting the base- salt concentration as- between 5-15wt%. or more 
preferably as 10wt% . The reason is that b ecause the salt solution cannot be is-ftet 



8 



absorbed p e rfectly properly into bv the SAP in case of using too high concentrated 
ie ft solution due to the inherent characteristics of the SAP restraining itself from 
swelling in high ion density , and that the salt b e caus e base ions are not p e rf e ctly 
absorbed sufficiently into the SAP in case of using too low concentrated solution 
due to the limitation on the liquid sorption capacity of the wh e n the base 
concentration is low due to too high an ion conc e ntration, and because an 
absorption pow e r of th e SAP for liquid i s e xc ee ded SAP . 

When tf the carrier including the SAP of a granular form is contacted with 
the salt solution, and-if the-the absorption capacity power for the salt solution of the 
SAP is very high t oo strong , the granule particles tend to be a re agglomerated 
coagulat e d to form a large lump after a step of drying . Therefore, it is p referaedbty 
that? the carrier is contacted withte the salt solution in several steps stages 
according to th e fabrication st e ps of th e carri er . At this time, at each stagestep, the 
carrier is partly contacted by a part of with the salt solution, and the contact is 
realized p e rform e d b y drizzling, sprinkling, spraying, etc. 

On page 11, please amend paragraphs 3, 4, 5 and 6 to read as follows: 

If the SAP granul e s 1 ar e modified at an outside of the porous carrier 
formed of fiber composit e or w e b bunch, the granules n e ed to be classifi e d to have 
uniform siz e distribution and equal granul e charact e ristics on the basis of very 
broad size distribution. In this cas e , a si e v e classifier is preferably used. 

In order to maintain the residual humidity o f content of the moisture in the 
SAP minutely to a minimum extent and thus to allow the SAP to absorb the salt 
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solution as much as possible in contacting with the salt solution afterwardiater, it is 
necessary that the granules or fibers beare dried completely before contacting with 
the salt solution to absorb the SAP granules or the SAP fibers . In this case For this 
purpose , a vacuum drier k -can be used preferably . The vacuum drier appWeexerts a 



time of drying, thereby preventing a stability depreciation by temperature change 
through a long term view consid e ring a t e mperature safety of maximum long tnrm 
lif e of the SAP . 

Then, the dried SAP granules are modified ionically bvw ith- the salt 
solution, and can be variously processed. For example, the SAP g ranules can be 
provided in the salt solution or the solution can be added to the granules. 

After the ionic modification, the hydrogel generated from the SAP granules 
is dried, thereby regenerating and at the same tim e , the granules ar e r e generat e d . 




The hydrogel can be layered on a plate as thin as possible thereby restricting the 
formation of the lump in the step of drying dri e d by b e ing appli e d as a planar lay e r 
with a maximum thickness of 1cm on a plat e . According to this, a lump formation 
at th e tim e of drying can b e pr e v e nt e d . How e ver, In case of lump formation, it is 
necessary to crush the lump. It is suitable to use sinc e solidification always follows, 
a prop e r crushing is n e cessary. To this e nd, an impact crusher or a breaker for this 
end, is suitabl e . 

On page 12, please amend paragraphs 1, 2, 3 and 4 to read as follows: 

A n e w classification is p e rformed in ord e r to maintain the SAP granules 



very small thermal teadinfluence on 



the granules very minut e ly at the 
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g e n e rat e d from th e gel, crushed, and modifi e d to provide th e hygroscopic base 
with a uniform siz e . 

WhenJf the SAP granules or the SAP fibers are located withi n the carrier or 
thereon b e for e th e modification using th e salt solution is started , in order to 
perform an ionic modification of the SAP, firstly it is required for the entire-carrier 
including the SAP to be is dried* thereby reducing the amount of the water 
contained therein to a minimum extent. by consid e ring the heat load transmitting 
ability of the SAP and th e carrier in ord e r to d e cr e as e water containing amount to 
th e minimum. And the selection of The-the salt solution is carried out selected by a 
m e thod similar to the aforementioned methods. 

When the porous carrier 2 including the SAPs 1 and 3 is contacted with the 
salt solution , it would be better to contact in multistage plural times between the 
porous carrier 2 and the salt solution should b e consid e r e d wh e ther or not th e 
modification is p e rform e d in plural stag e s . The reason is that the granular particles 
1 can be engaged and solidifi e d agglomerated into a lump in or on the porous 
carrier 2. or th e r e on Although it is possible to crush a lump formed through an 
ionic modification of the SAP itself, it would be impossible to crush a lump 
formed through an ionic modification of a SAP engaged into a carrier. Therefore, 
it is important to restrict the generation of the lump in a step of contacting the 
carrier containing the SAP with the salt solution lik e the modification of tho 
granul e s at th e tim e of absorbing the salt sol/ution too strongly . Wh e n tho The 
solution can be prudently is contacted with the carrier including the SAP in 
multiple-stages by- procedures such as drizzling, sprinkling, or spraying can be 
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p e rformed . Th e procedur e s ar e v e ry important since tho solidification is not 
removed e ven by th e crushing du e to the carri e r material. 

Finally, the carrier 2 including the SAP is dried slowly, that is, within one 
or two days, and at th e same time wherein^ the drying temperature is gradually 
increased througli during the drying processt erm until it rises almost to the 
maximum regeneration temperature. 

On page 13, please amend paragraphs 1 and 2 to read as follows: 

This step of slowly drying of the carrier 2 including the SAP p e rform e d by 
slowly increasing the temperature causes to maintains the structure of the modified 
SAP. That is, the SAP is not decomposed. The drying method includes a freeze 
drying, a microwave drying, a normal drying, or a combination drying 
therebetween. 

A method for fabricating the dehumidifying element, which is formed to 
increase the contact area with air, with modified SAP granules or the modified 
SAP fiber lf th e porous carrier is structur e d and/or arrang e d by a method that a 
dehumidifying body is formed, the SAP granules or tho SAP fib e r inserted in tho 
porous carri e r or appli e d th e reon can be properly performed m odified. The 
structure d of the porous carrier, as shown in Figures 2 and 3, includes a trapezoid 
wave shape as a structured sheet, and at the same time, a sheet of a corrugated reed 
shape has a ripple of 2.5~7mm, an interval length (a), a ripple of 1 ~5mm, and a 
wave height (b). 
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On page 14, please amend paragraphs 3 to rea.d as follows: 

Regardless of the point in time of the ionic modification, that is, regardless of 
whether the SPA granules or the SAP fiber is contacted to the hygroscopic base or 
not, whether the SPA granules or the SAP fiber is contacted to the hygroscopic 
base with a location in the porous carrier or thereon or not (Figure 1), or whether 
the modification is started after the porous carrier passes several transformation 
steps or not (Figures 3, 4B, and 4C), lithium chloride adjacent on the surface of the 
SAP permits not only water to be added but also water to be guided inside of the 
superabsorber. 
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